Introduction
Natural forests are very important landscapes known for the diverse assemblage of species in their ecosystem and form a very productive ecosystem. These forests act as store house for approximately 40% terrestrial carbon. Even one third of the net primary productivity is attributed from these forests. Storage of carbon in the dominant tree component and computing the carbon cycling at regional as well as global level is done through the studies on forest biomass. Measurement of above ground carbon (AGB) of dominant species in different forest communities or plant functional types is of great importance because dominant trees species greatly influence the magnitude and pattern of energy flow that is stored in trees in the form of various substances which are in continues circulation between biotic and abiotic components of ecosystem (Behera et al., 2016) . Estimating AGB is a useful measure for comparing structural and functional attributes of forest ecosystems across a wide range of environmental conditions (Brown et al., 1999) .
Western Ghats forests are unique in terms of its endemism with more than 350-400 trees and liana species are co-existed together (Murthy et al., 2016) . In these forests, species are represented by different diameter classes and act as a potential carbon sink with sequestration potential of 80-150 Mg C ha -1 (Devagiri et al., 2013) . These unique landscapes are experiencing a serious threat of degradation due to habitat destruction and fragmentation. Change in land-use practices is the major cause for loss of biodiversity in this area. Land-use change will be responsible for pushing many species to various kinds of threats and alter the ecosystem function and provision of ecosystem services (Phillips et al., 2017) . Impact of tropical forest disturbance on biodiversity was more severe in Asia than in Africa, South America and Central America (Gibson et al., 2011) . The change in land-use types and degradation of forests will alter the carbon cycle. Approximately 35% of the anthropogenic CO 2 emission resulted directly from land-use changes (Turner et al., 2007; Carlson et al., 2013) . Understanding of pattern of tree diversity, vegetation structure and its contribution to above ground biomass (AGB) carbon among the various forest types can help in planning conservation and climate mitigation strategies. Studying the AGB patterns in different ecosystems or in plant functional types will help to understand the response of climatic changes on these forest types and future scenarios. Species level AGB measurements in different forest types will help in identifying the keystone species sequestering higher AGB for sustainable carbon stock management and biodiversity conservation and also help to validate the projections of global carbon model output with ground data (Behera et al., 2017) .
Most of the earlier studies aimed to quantify the floristic diversity, biomass carbon and its dynamics. Very little work had been reported on impact on diversity, girth class, basal area towards AGB and carbon in different forests.
Hence a study was undertaken in Kodagu district of Karnataka to understand species diversity, congregation in particular girth class and basal area and in turn their effect on above ground biomass and carbon across different types of forest exist in Kodagu district.
Materials and Methods

Study site
The study was conducted in different forest types of Kodagu district in the Central Western Ghats region (70° 25' -76° 14' E and 12° 15' -12° 45' N) . Kodagu covers an area of 4106 km 2 , out of which nearly 43% of the total area is under natural forest cover. Evergreen and moist deciduous forests are the major types existed towards the westward side and south part, followed by smaller area under dry deciduous forest type which is occupied towards the eastern side of the district. The evergreen and moist deciduous forest types have altogether different species composition. The district experience climatic gradient for temperature and rainfall from west to eastward side. Elevation in the study area ranges from 300 to 1300 m above sea level (a.s.l) with a rainfall from 1500 to 3500 mm in a year. The 90% of the rainfall receives in June to September month and occasional rains during summer. Temperature ranges from 15° C to 32° C with mainly lateritic to red loamy soil.
Data collection and sampling design
Evergreen forest (EGF), moist deciduous forest (MDF) and dry deciduous forest (DDF) types were considered for the study. Sampling locations across the various forest types were shown in the Figure 1 . The evergreen and moist deciduous forests were selectively logged until the 1980s, after the enacting the Forest Conservation Act, 1980 the commercial harvest of species were banned in these forests (Kushalappa and Kushalappa, 1998) . However, these forests were undergoing small scale biotic interferences such as grazing, the collection of fuelwood, illegal harvesting, fire etc., by the local people. During the colonel period, some parts of forests were clear felled and artificially planted with Teak and mixed tree species, later in the mid of the 19 th century, the privately owned forests in this region were converted to coffee plantations by retaining many of the original native trees existed over there as shade cover to coffee, hence 33% of the total area of the district is under shadegrown coffee, which mimic forested landscape.
A nested sampling approach was adopted for the collection of data on trees (nondestructive approach), shrubs and herbs (destructive approach; Fig. 2 ). Forty quadrats of 20 m × 20 m size were laid randomly in each forest types, within these plots all the woody plants were identified at species level using field keys of Pascal and Ramesh (1987) . Height and girth at breast height (GBH) of the trees above 30 cm were measured using Blume Leiss Hypsometer and measuring tape respectively. The unidentified specimens were later got identified at College of Forestry, Ponnampet with the help of taxonomist. Within the quadrat, two 5 x 5m nested quadrats will be laid at opposite corners to collect data on the shrubs and five 1 x 1m nested quadrats were laid at four corners and one at the middle of the quadrats for recording the data on herbs (Fig. 2) .
Data analysis
From the collected data, species richness (SR) was estimated by counting individuals of different tree species per unit area and plotting species-area accumulation curves as suggested by Chazdon et al., (2009) . Species diversity (Shannon-Wiener Diversity Index-H') and Simpson's index of dominance (D) was calculated as per Magurran (1988) . Vegetation structure was characterized by using GBH classes, Importance Value Index (IVI) (sum of relative density, relative frequency and relative dominance) for each species among plots was computed (Curtis and McIntosh, 1950) . Based in IVI values, top ten tree species were considered for calculation of density (stems ha -1 ) and basal area (m 2 ha -1 ) and their contribution to AGB (Mg ha -1 ) and Carbon (Mg ha -1 ).
Estimation of above ground biomass (AGB)
For estimating the AGB, the strata considered was trees, shrubs and herbs. Tree biomass was estimated indirectly by non-destructive method by calculating the stem volume and wood density (Chave et al., 2005; Vashum and Jayakumar, 2012; Devagiri et al., 2013 and . While biomass for shrubs and herbs was estimated using a destructive method. The data collected on tree parameters such as GBH and height were used for volume estimations using volume equations published by Forest Survey of India (FSI, 2006) . For those species-specific volume, equations are not available, the regional volume equation, V = 0.16948 -10.63682D 2 H was used for estimating the volume (FSI, 2006) . Tree biomass was estimated by multiplying volume with wood density values of particular species obtained by Forest Research Institute (FRI, 1996) . All shrubs and herbs occurring in sample plot of 5m × 5m and 1m × 1m respectively were harvested and oven-dried to estimate the weight. Biomass estimated for different strata were summed to calculate total AGB and expressed in Mg dry wt. ha -1 . Carbon stock was estimated by multiplying estimated dry biomass weight with 0.47 as suggested by IPCC (2007).
Software's used
The primary data consist of field observations, size class distribution of species, IVI, biomass, carbon estimations were done in MS-EXCEL 2013. Species diversity indices, richness, Jaccard's index of similarity were computed using BioDiversity Pro 2.0 software.
Results and Discussion
Species density, diversity and β-diversity
The number of stems (density) and diversity of species varied across the different forest types. Table 1 shows the species richness, diversity, tree density, basal area and similarity index present across three forest types. The number of species of 36, 42 and 141 were recorded in dry deciduous, moist deciduous and evergreen forest, respectively. Shannon-Weiner diversity index (H') of 4.55 was observed in evergreen forest type, whereas moist deciduous (2.99) and dry deciduous forest types (2.85) has a moderate diversity values. Simpson's index of dominance (D) indicates the probability of two species are the same when they are they are together randomly drawn from a population. Since evergreen forests are high in diversity, these forests possess a Simpson's index of 0.015, followed by moist deciduous forest (0.084) and dry deciduous forest type (0.086). Similarity among the forests with respect to species turnover was expressed in terms of Jaccard's similarity index. It has been observed that 66.56 % similarity exists between moist and dry deciduous forest types, these forests possess almost similar in number of species encountered, (moist deciduous forest is represented by 42 species; dry deciduous forest by 36 species) and have 66.56% of the species enumerated occurred both in moist and dry deciduous forests. There is 18.27 % similarity among species composition between moist deciduous and evergreen forest types of the district. Similarly, dry deciduous and evergreen forest types have 15.67 % similarity in terms of species composition.
Vegetation structure
Vegetation structure of all the forests is depicted in Figure 3 . None of the forest types of Kodagu showed Reverse-J-shaped girth distribution. In all the forest types, the number of stems in the 30-60 cm GBH class is less when compared to the next GBH class. In deciduous forests, more number of stems ha -1 were found in 60-90 and 90-120 cm GBH class but lesser in lower girth class indicates abnormal growing stock. Whereas, in moist deciduous forest, more number of stems are present in 60-90 cm girth class. Comparatively evergreen forests had a good represent of trees in all the girth class and showed reverse-J shaped pattern which is commonly observed in climax forests of the Western Ghats forests.
Species composition and assemblages
Species composition varied across the different forest types and top ten species listed based on IVI among the three forest types are presented in Table 2 . It has been observed that dry deciduous and moist deciduous forest types were differed by only four species (viz., Tectona grandis, Grewia teliea folia, Gmelina arborea and Cassia siamea) and eight species were commonly found in these two forest types were 
Above-ground biomass and carbon stock
Above ground biomass (AGB), carbon (C) and carbon dioxide equivalent (CO 2 e) of different forest types from field measurements ranged are presented in Table 3 . Across the various forest types, the AGB ranged from 175.14 Mg ha -1 in the dry deciduous forest to 233.40 Mg ha -1 in evergreen forest, whereas the moist deciduous forests possess an AGB of 190.57 Mg ha -1 . The carbon content was higher in evergreen forests (109.70 Mg ha -1 ), followed by moist deciduous (89.59 Mg ha -1 ) and dry deciduous forests (82.31 Mg ha -1 ).
The contribution of different girth class on biomass (Mg ha -1 ) by deciduous, moist deciduous and evergreen forest types are shown in Figure 4 , 5 and 6, respectively. In the dry deciduous forest type, higher biomass was contributed by 90-120 cm girth class and their density is also more, whereas, in moist deciduous forests higher biomass was contributed by trees of 120-150 cm girth class, but their numbers are less. Similarly, in evergreen and dry deciduous forests, higher biomass stock was contributed by big trees of > 150 cm girth class however, density of individuals was less. In dry deciduous and evergreen forests, even though the density of trees in the girth class 60-90 cm was higher, but their contribution to biomass was found to be less. 
Species composition and their contribution to AGB
Diversity, structure and composition
Our study revealed that evergreen forests are highly diverse when compared to moist and dry deciduous forests. Higher diversity is attributed because these forests are less degraded when compared to the other two types, where trees of high commercially exploitable species occur. Evergreen forests receive highest degree of protection and they exist in inaccessible area, where human habitation is less, as a result, lesser biotic pressure (grazing, illegal felling, collection of non-timber forest produce etc.) on these forests when compared to moist and dry deciduous forests types. Many workers such as Murthy et al., (2016) reported less disturbed areas of Western Ghats are highly diverse than more disturbed areas. Pascal and Pelissier (1996) had reported a Shannon index of 3.6 to 4.3 at different altitudes of the Western Ghats. Swamy et al., (2010) mentioned a Shannon index of 2.0 to 3.7 and Simpson's index of 0.1 from different sites of evergreen forests of Kodagu region. For the evergreen forests of Kodagu region, Devagiri et al., (2019) reported a Shannon index of 2.90 and Simpson's index of 0.08 for the moist deciduous forests of Kodagu district.
Stem density per hectare (> 30 cm GBH) in the forests of Kodagu varies from 386 to 491, which was categorised as low in dry and moist deciduous forests to intermediate in evergreen forests according to Suratman (2012) . Since commercial important timbers were exists in dry and moist deciduous forests and were highly exploited during earlier days, hence these forests possess lesser density. Swamy et al., (2010) reported a tree stand density ranges from 263 to 438 individual's ha -1 from evergreen forests of Kodagu. Devagiri et al, (2013) reported tree density of 1142 stems ha -1 with a basal area of 14.55 m 2 ha -1 from the evergreen forest of Kodagu. A stem density of 314 trees ha -1 with a basal area of 18.91 m 2 ha -1 had been reported from the moist deciduous forests of Kodagu (Devagiri et al., 2019) . Salunkhe et al., (2016) have reported a tree density between 14.8 and 59.3 ha -1 and a basal area between 0.15 to 8.37 m 2 ha -1 from the dry deciduous forests of Madhya Pradesh. None of the forests of Kodagu showed exact reverse J shaped size class distribution, (with little exception for evergreen forests) and it have been observed that a lesser number of individuals in lower girth class (30-60cm girth class). In dry deciduous forest, there was very less number of individuals in 30-60 cm and 60-90 cm diameter class. This pattern indicates that these forests experiencing regeneration problem where species are failing to grow normally due to the biotic pressure on the growth of the species, which hinders the passing of species from lower girth class to higher class. Murthy et al., (2016) reported a similar type of stand structure in Western Ghats of Karnataka due to disturbances.
Variation in above ground biomass (AGB) and carbon stock
Above ground biomass (AGB) varied between different forest types across the Kodagu, evergreen forest reported a biomass of 233 Mg ha -1 which was lower than what has been reported by Devagiri et al., (2019) for the evergreen forests of Kodagu. The moist deciduous and dry deciduous forests reported a biomass of 190.57 Mg ha -1 and 175.14 Mg ha -1 respectively, whereas Pande (2005) reported the disturbed tropical dry deciduous teak forests of Satpura plateau, Madhya Pradesh possesses biomass ranged from 28.1 -85.3 t ha -1 and Salunkhe et al., (2016) reported a biomass of 54.9 t ha -1 from dry deciduous forests of Madhya Pradesh. Higher biomass and carbon in an evergreen forest was attributed due to variation in stand density and a basal area which are crucial in determining the biomass production of the forest (Chave et al., 2003) . Biomass is not always reflected by the density. Data from our study was consistent with Devagiri et al., (2019) , where few species will have less density, but contribute more towards biomass. Large trees play a vital role in influencing the AGB across various forests (Chaturvedi and Raghubanshi 2015) . In the present study, more than 150 cm girth class had significantly contributed towards biomass in moist deciduous and evergreen forest types. The removal of trees in large girth class will have a serious impact on species diversity and composition of forests (Suratman, 2012) .
Due to higher biomass recorded in evergreen forest type of Kodagu, they possess a carbon content of 109.7 Mg ha -1 followed by moist deciduous forests (89.57 Mg ha -1 ) and dry deciduous forests (82.32 Mg ha -1 ). The amount of carbon stored in forests of Kodagu were lesser compared to undisturbed matured tropical rain forests of Malaysia (223 Mg ha -1 ) reported by Brown and Lugu (1982) . Ogawa et al., (1965) reported a carbon stock of 60-179 Mg ha -1 in different tropical forest types of Thailand, which were similar to AGBC value of dry deciduous forests in present study. Flint and Richard (1996) estimated carbon sequestration in Southeast Asian and reported 350 Mg ha -1 for the undisturbed mature tropical rain forests, which was very higher than the measured AGBC in all the three forest types of Kodagu.
In conclusion, across the different forest types, the species diversity, basal area, biomass and carbon varied between them. Highest diversity, biomass and carbon have been reported from evergreen forest type followed by moist deciduous and dry deciduous forests. Eloecarpus tuberculatus dominates the evergreen forests and Terminalia tomentosa dominated in both moist and dry deciduous forest types. 66.56 % of the species existed in a moist deciduous forest is found in the dry deciduous forest with a very less in the occurrence of species in these forest types. Hence we can coin mixed deciduous forest instead of dry deciduous which is evident by density, diversity indices, basal area, species turnover between these forest types. Evergreen forest type contributes more for AGB and C stock among different forests. The larger trees in evergreen and moist deciduous forests contribute for more quantity of biomass and carbon. Hence more vigilant is required in these forest for preventing illicit logging which may degrade and deplete the forest.
